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We realized an experimental setup to study the dynamics of cavitation bubbles inside spherical
water drops produced in microgravity (8th Student Parabolic Flight Campaign, European Space
Agency ESA). Water volumes of up to 8 ml (25 mm diameter) were expelled through a specially
designed injector tube. The latter contained a porous hydrophilic foam and was particularly coated
to ensure a stable and attached water drop. Single cavitation bubbles were then generated by an
electrical discharge inside the drop. The growth and collapse of the bubble were recorded using
a high-speed visualization system (24’000 frames/s). Thereby, we could study for the first time
the cavitation phenomenon in microgravity and observe the interactions between cavity and spher-
ical free surface. In particular, the microjet/counterjet formation was visualized and significant
counterjet broadening was found when passing from planar to spherical free surfaces.
I. INTRODUCTION
The hydrodynamic cavitation phenomenon is of
prime importance for many industrial systems, [1],
such as cryogenic pumps for rocket propulsion, fast
ship propellers and hydraulic turbines. It occurs in
a large variety of liquids, e.g. water, glycerine [2] or
mercury [3], and may cause strong vibrations, seri-
ous efficiency loss and erosion damage. Motivated
by the vision to realize design changes or surface
coatings preventing from such damages, cavitation
has become an important research topic in fluid en-
gineering. A major subject within this research is
the violent collapse of cavity bubbles, which usually
generates liquid jets [4], shockwaves [5] and lumines-
cence [6].
The behavior of cavitation bubbles is known to be
strongly dependent on the nature of nearby bound-
aries, since the latter dictate the distribution of the
surrounding pressure field [7]. Recent studies of bub-
bles collapsing beneath a planar free surface revealed
the existence of fast liquid jets directed inside the liq-
uid (microjets) and slow liquid spikes escaping from
the liquid (counterjets). However, the dynamics of
bubbles next to spherical free surfaces has never
been observed due to the difficulty of creating such
surfaces in the presence of gravity. This is neverthe-
less an important issue since curved surfaces appear
dynamically in water flows, and the bubble motion
is significantly dependent on the surface curvature,
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as shown in the case of rigid curved boundaries [8].
Thus, the study of cavitation next to curved free
surfaces is a promising tool for novel insight in in-
teractions between bubbles and free surface.
In the present study, we intended to investigate
the dynamics of a cavitation bubble inside a spher-
ical water drop, with particular focus on the in-
teraction between cavity and spherical free surface.
For this purpose, the dynamics of a spark-generated
bubble was observed inside a liquid drop realized
under microgravity conditions. A specific instru-
mentation has been developed to ensure the cre-
ation of large stable water drops as well as the high
speed flow visualization by taking into account the
requirements of microgravity flights. The bubble’s
radius and its location inside the drop have been
varied. The experiment was carried out in zero-g
parabolic flights during the 8th ESA’s Student Par-
abolic Flight Campaign.
II. FLIGHT MANEUVER
The microgravity maneuvers are flown with the
”Airbus A300 zero-g”, a specially equipped aircraft
owned by NOVESPACE and hosted at the military
airport Merignac in France.
From a steady horizontal flight, the aircraft gradu-
ally pulls up its nose and ends climbing at an angle of
approximately 47 degrees. This preparatory phase
lasts for about 20 seconds, during which the aircraft
experiences an acceleration of around 1.8 g, oriented
perpendicularly to the aircraft’s plane. The engine
thrust is then suddenly reduced to the minimum re-
quired to compensate for air-drag, and the aircraft
2follows a free-fall ballistic trajectory, i.e. a parabola,
lasting for approximately 20 seconds, during which
weightlessness is achieved. At the end of this period,
the aircraft must pull out of the parabolic arc, a ma-
neuver which gives rise to another 20 second period
of 1.8 g. Finally it returns to a steady horizontal
flight.
These maneuvers are flown repeatedly, with a pe-
riod of 3 minutes between the start of two consec-
utive parabolas, i.e. a 1 minute parabolic phase (20
seconds at 1.8 g, 20 seconds of weightlessness, 20 sec-
onds at 1.8 g), followed by a 2 minute ”rest” period
at 1 g. After parabolas 5, 10, 15, 20 and 25, the rest
interval is increased to 6 or 8 minutes.
III. EXPERIMENTAL CYCLE AND SETUP
The experimental procedure is designed to per-
form one experimental cycle (i.e. water drop forma-
tion, cavitation bubble generation and subsequent
dynamics) per parabola. More precisely, a spheri-
cal water drop having a radius from 8 mm to 13 mm
(2.5 ml to 8 ml) is smoothly expelled over 5 s to 15 s.
Thereafter, the cavity is generated through an elec-
trical discharge. It grows, collapses and rebounds in
a few milliseconds (!). The slow drop growth and the
fast cavitation process are recorded using a standard
video-camera and a high speed ccd-camera, respec-
tively.
A schematized overview of the main components
is given in Fig. 1. The water drop is generated in-
side a transparent and sealed cubic vessel made of
Lexan. The standard camera (Sony Camcorder, 25
f/s, 768 × 576 pixel) and the fast camera (Photron
Ultima APX, up to 120’000 f/s, 1024 × 1024 pixel)
are placed on the same optical axis and oriented in
opposite directions. Whereas the standard camera
films the whole experiment, the fast camera only
records a short interval (11 ms) covering the cav-
ity life-cycle. During this short sequence, a perpen-
dicularly placed high power flashlight (Cordin Light
Source Model 359) releases a single flash having 11
ms duration.
FIG. 1: Cameras and flashlight disposition around the
vessel containing the injector tube and the electrodes.
Inside the transparent vessel, the water drop is
smoothly expelled through a custom-designed alu-
minum injector tube with the help of a program-
mable micro-pump. The pumping flux is set to 0.6
ml/s and reduced to 0.3 ml/s during the last two sec-
onds of the pumping process, in order to slow down
the drops motion. By virtue of surface tension, the
water volume naturally forms a truncated spheri-
cal drop (see Fig. 2 left). The tube is filled with
hydrophilic porous foam that guaranties a homoge-
neous laminar water flow, damps out eventual oscil-
lations and favors the attachment of the water drop.
To further ensure the attachment of the drop, the
top edge is drilled at an angle of 45◦ with respect to
the horizontal, allowing a truncated spherical water
drop of 2.5 ml volume to sit on the tube with contin-
uous surface curvature at the attachment point (Fig.
2 left). In addition, the inclined top edge is coated
with hydrophilic aluminum oxide Al2O3. The tube
outside is coated with a hydrophobic silicon layer to
prevent the water from flowing down along the tube.
FIG. 2: Left: injector tube with water drop. Right:
electrodes for bubble generation.
The cavitation bubbles are generated trough
an electrical discharge between two electrodes im-
mersed in the water drop. Using micro-controllers,
the electrodes position within the drop can be pre-
cisely varied in the three space dimensions. To min-
imize distortion of the drop by the electrodes, their
tips are coated with hydrophilic ferrous oxide Fe3O4
and their upper part is covered with hydrophobic
paraffine (Fig. 2 right). The high voltage between
the electrodes (40 kV) leads to the formation of a
plasma that allows the fast discharge of a previously
charged capacitor with a capacitance of either 30
nF or 200 nF (charged at 4.3 kV). Shortly after this
discharge, the plasma recombines, forming a volume
of superheated water vapor that grows as a bubble
(see [9] for more details). Discharge-induced cavities
were chosen instead of laser-induced ones, because of
the difficulty to focus a laser beam across a (variable)
spherical surface and for aircraft security reasons.
3The gravity level is monitored by an accelerometer
(Memsic, 2125 Dual-axis Accelerometer), which is
used to trigger the experiment. It provides the start-
ing signal when the gravity level falls below 0.2 g for
more than 1 s. Immediately after the water drop for-
mation, the electrical discharge for cavity generation
triggers simultaneously the high-speed camera and
the flash light through an inductive circuit. Once
the microgravity phase is over, the water sphere is
naturally removed by hypergravity and absorbed by
sponges covering the vessel bottom. The temporal
sequence containing the g-sensor data, micro-pump
flux and instant of discharge release is controlled by
a Notebook, which also records the high-speed cam-
era data.
IV. RESULTS
In this paragraph we present and discuss the re-
sults obtained during two parabolic flight days with
30 parabolas each. Three physical parameters were
sequentially varied: (1) the water drop volume, (2)
the cavitation bubble size and (3) its position.
A. Water Drop in Microgravity
Most experiments revealed that water drops with
a diameter of up to 25 mm (8 ml volume) were stable
and conveniently attached to the injector tube dur-
ing the whole microgravity phase (see Fig. 3). We
conclude that the implemented injector tube was ad-
equately designed to generate and stabilize a spher-
ical water drop in microgravity.
FIG. 3: Stable spherical water drop on injector tube
during weightlessness.
In 10% of the zero-g parabolas, we recorded flight-
based deviations from the zero-g level larger than
0.05 g for durations longer than 0.2 s. They mostly
occurred towards the end of the zero-g cycle, approx-
imately 3 s before the ”pull out” command, which
terminates the parabola. The injector tube being
fixed to the aircraft reference, those fluctuations in-
duced observable oscillations of the water drop, such
as shown in Fig. 4. However, such oscillations damp
out rapidly within characteristic times of 0.5 s to 1
s. We argue that the large area of support attaching
the drop to the tube (1.1 cm2) is responsible for this
efficient attenuation, since the large porous foam en-
sures an inelastic rebound of the water drop.
FIG. 4: Water drop oscillations resulting from zero grav-
ity imperfections.
Despite of the careful electrode preparation, we
observed significant water sphere distortion by
electrode-water interaction. During the first flight
day, the upper part of the electrodes (thick part)
was too hydrophilic yielding oblong distortion of the
water volume. Conversely, additional paraffine cov-
erage engendered water repulsion by the electrodes
during the initial phase of the second flight day. Dig-
ital camera images of ideal spherical, attracted ob-
long, and repulsed water drops are shown in Fig.
5. Because of this distortion, the electrodes were
readjusted during the flight to assure the controlled
emission of liquid jets (section IVB). Moreover, the
drops deviations from a perfect sphere render the de-
finition of quantitative parameters such as the cur-
vature ratio between drop and cavity more complex.
Hence, comparisons to theoretical models become
harder. This reveals the necessity to optimize the
electrodes surface coating and to render the tips finer
to minimize possible interactions.
FIG. 5: Left: ideal spherical drop (3.5 ml), Center: at-
tracted oblong drop (7 ml), Right: repulsed drop (5 ml).
4B. Cavitation Bubbles in Microgravity
We first describe the global aspects of an entire
cavitation bubble cycle, consisting in bubble growth,
collapse and jet emission. Fig. 6 shows the impor-
tant steps of such a cycle, starting with the release
of an electrical discharge, with an energy of about
0.3 Joules (case of 30 nF). The process was filmed
at 24’000 frames/sec (41.67 µs between subsequent
images), each frame being exposed for 4 µs in order
to achieve maximum sharpness.
FIG. 6: Entire cycle from cavity generation to liquid jet
escape.
Qualitatively, this series compares to our expec-
tations from ground-based experiments (e.g. [10],
[11]), basic theory (Rayleigh-Plesset) and numeri-
cal simulations (e.g. [12]): The discharge-induced
bubble evolves temporally symmetrically, its growth
time and collapse time being identical (192 µs) up
to the frame rate precision. Since the bubble col-
lapses close to a free surface, it looses its spherical
symmetry in the course of the implosion (toroidal
implosion). Thereby, it ejects two liquid jets per-
pendicularly to the closest surface element − the
fast microjet (towards the right side) and the slower
counterjet (towards the left side). The microjet ac-
celerates the surrounding water regime to an average
recoil speed of 10.2±0.5 m/s. It then reaches the op-
posite drop surface and escapes at a reduced velocity
of 5.8±0.5 m/s.
To the best of our knowledge, this microgravity
experiment allowed for the first time the observa-
tion of the entire microjet-counterjet pair escaping
from a stationary liquid regime. Comparatively, re-
cent ground-based experiments with cavitation bub-
bles inside a cylinder-like water stream showed sim-
ilar microjets that were distorted due to the relative
motion of the water regime [3].
We shall now have a close look at the counter-
jet geometry. It significantly differs from our expec-
tations based on ground experiments. Indeed, the
counterjet coming out of the spherical water drop
is hardly pointed and resembles rather a droplet,
whereas similar jets on ground-based planar surfaces
are very peaked (see Fig. 7).
FIG. 7: Left: Counterjet on a spherical free surface in
micro-gravity (electrodes enter from the right). Right:
Counterjet on a planar free surface on ground.
For flat free surfaces, the narrow liquid jet was
shown to result from a highly localized pressure peak
between cavity boundary and free surface (see nu-
merical simulations [12]). A qualitative attempt to
explain the different behavior of our microgravity ex-
periment uses the sphericity of the drops. The con-
cave curvature of the free surface leads to a smooth
variation of the distance between cavity boundary
and free surface. Therefore, the cavity ”feels” the
proximity of a vast region of the free surface. Differ-
ently speaking, the pressure peak in between cavity
and spherical free surface occupies a larger region.
Since this pressure peak forms the basis of the coun-
terjet, the latter becomes broader. This explanation
is compatible with recent studies of interactions be-
tween bubbles and rigid curved surfaces [8].
5V. CONCLUSION
The experiment reported here has been the first
study of the cavitation phenomenon in micrograv-
ity. Its main goal was to study the interaction of
cavitation bubbles with spherical free surfaces.
Stable water volumes of up to 8 ml were produced
and remained attached to the injector tube during
the complete microgravity phase, thereby showing
the adequate design of the injector tube. Initially en-
countered difficulties to create spherical water drops
(due to electrodes-water attraction/repulsion) were
carefully investigated. These studies clearly showed
the necessity of using electrodes with large tips and
suitable surface coating.
To the best of our knowledge, this experiment al-
lowed for the first time the observation of the whole
microjet-counterjet pair escaping from a stationary
regime of water. Those images are an adequate vi-
sualization of theories and numerical results about
toroidal implosion. A striking result in this respect
was a significant counterjet broadening relative to
ground-based studies. We attribute this phenom-
enon to both the free surfaces sphericity.
Based on those scientific results, this experiment
may be considered a proof-of-principle of cavitation
research in microgravity. For the future, we propose
an enhanced version of the experiment with (1) an
optimized electrode design/coating, (2) a higher op-
tical resolution and (3) a broader range of discharge
capacitances. These improvements are necessary in
order to investigate more systematically the influ-
ence of the free surface curvature on the cavitation
bubble dynamics with a particular emphasis on the
discovered counterjet broadening.
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